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ABSTRACT 
This study was undertaken to determine whether there 
was any volumetric change in the amount of sulcular fluid 
flow in the gingival crevice, prior to, and subsequent to 
the placement of fixed periodontal prostheses. 
The volume of sulcuf ar fluid was measured and assayed 
by the use of disposable plastic syringes graded in milli-
meters: 
I. Prior to tooth preparation. 
II. Approximately ~wo to four weeks after tempori-
zation of individual and multiple prosthetic 
abutments. 
III. Approximately two weeks after final insertion of 
fixed prosthesis. 
' 
The study was performed on ten human patients in 
clinical periodontal health. The results statistically showed 
that the amount of fluid flow increased after temporization 
of prosthetic abutments and decreased slightly following 
insertion of the final fixed prosthesis. 
The increase in total volume of fluid after placement 
of the periodontal prostheses may possibly result from the 
perpetuation of a subclinical inflanunatory state. However, 
this amount of fluid increase measured relative to periodontal 
prostheses might also be considered as an adjunct to sulcular 
physiology, functioning as a continuous lavage. 
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REVIEW OF LITERATURE 
As early as 1817, Serres described the passage of fluid 
into the gingival crevice. The concept of fluid continually . 
bathing the gingival crevice was elucidated by G.V. Black in 
1882. According to Blac~17 , this fluid originated from the 
soft tissue which was in- close adaptation to the tooth surface. 
The sulcular fluid and its contents have been analysed 
and assayed in man, dogs, and rabbits relative to diseased and 
healthy periodontal tissue. Brilll, 2 , 3 , 4 ,s,G, 7 , investigated 
the biological function which could be attributed to sulcular 
fluid and the epithelial lining of the gingival pocket. He 
used sodium fluorescein, a substance which binds to the plasma 
proteins. In 1958, by injecting the sodium fluorescein into 
dogs with clinically healthy gingival tissue he found that the 
gingival fluid, which was collected by means of filter paper 
strips, fluoresced under ultra-violet light in 90.4% of cases. 
He concluded that there was penetration of the small sized 
fluorescein molecules through the crevicular epithelium into 
the gingival crevice. 
Brill and Bj0rn1 performed a study directed toward 
illustrating permeability of the epithelium of human gingival 
sulci to fluorescein molecules. The results indicated that 
96% of the crevices were fluorescent, demonstrating passage 
L I PR~ i::iy 
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of plasma proteins into the pockets. The strips from the 
inflamed sulci were noted to be more fluorescent than those 
from healthy sulci. 
Investigating the physiology of gingival fluid flow, 
Bri11 3 studied changes in capillary permeability by the 
use of Evans Blue dye injected into dogs. This particular 
dye is bound to plasma proteins and cannot. pass through 
resting capillaries. He observed that greater amounts of 
stained fluid could be recovered when the gingival tissues 
were massaged or when small concentrations of histamine 
were injected intravenously. 
In a later study, it was also noted that chewing 
enhances the flow of sulcular ·fluid into gingival pockets. 
This study was performed on humans, with healthy gingival 
tissue. The intracrevicular fluid was sampled before and 
after the chewing of paraffin using filter paper strips. 
The strips were tested for amino acids with ninhydrin, 
and observations demonstrated that the amount of amino 
acids in the sulcus increased after chewing. It was 
therefore concluded that vigorous chewing stimulated the 
flow of tissue fluid into gingival sulci, and the increased 
flow had a mechanical cleansing effect. 
I 4 (Brill .) 
Brill and Br0nnestam6 characterized proteins in 
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. 
gingival fluid via the use of immuno-electrophoresis. 
Gingival fluid from eight human females with clinically 
healthy gingivae was collected on filter paper strips. 
They were able to isolate at least seven different proteins 
which corresponded to those noted in serum; 'including 
albumin, alpha, beta, gamma globulins, and transferin. 
They believed the source of the fluid to be extracellular 
and formulated through capillary filtration. Since a 
relatively high content of gamma and beta globulins were 
observed in the samples, the authors felt that an anti-
bacterial effect was present and massage would increase 
this property by stimulating gingival fluid flow. 
From these studies it may be implied that crevicular 
epithelium differs from other oral epithelium and there 
are two• possible mechanisms for fluid passage: · a) as a 
result of surrounding tissue inflammation and b) as a 
result of that quality of crevicular epithelium which 
allows it to function as a semipermeable membrane. 
Loe and Holm-Pederson8 , in 1965, initiated a study 
to investigate if the presence of sulcular fluid is an 
integral part of a normal, non-inflamed gingiva. Utilizing 
noninflamed human tissue, they noted that the ' crevices of 
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normal gingiva do not evidence a flow of fluid; and that 
mechanical stimulation of the periodontium in such cases 
will not produce fluid from those sulci. Inflamed gingival 
tissue shows the presence of fluid which is indicative of the 
severity of inflammation. Their findings thus suggest that 
---
the gingival fluid may represent the clinical criterion to 
distinguish between normal versus inflamed gingiva. 
Studies of the fluid flow from the sulcus were 
f db B 9 ,lO . 1962 64 per orme y rowne in - ; primarily to investigate 
the pathway and mechanisms of fluid transfer from the vascular 
system into the gingival crevices. Rabbits were injected 
intravenously with radioactively labeled NaCl, NaI, and DIF 
(di-iodo fluorescein) and albumin. Gingival fluid and blood 
samples were taken at various times. He noted that from 
healthy rabbit gingival sulci radioactive DIF and albumin 
could consistently be recovered after I.V. injection; 
sodium and iodide being only occasionally detected in the 
fluid. He concluded that since some substances pass more 
readily than others, normal fluid was an altered transudate. 
Mann and Stoffer11 in 1964 pointed out the possible 
beneficial effect of antibodies in the fluid flowing into 
the gingival crevice. They found the presence of proteins 
' 
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in crevicular fluid which were similar to those found in 
the blood. This !ended support to the theory that "the 
crevicular fluid tends to cleanse the sulcus" (Bril14 , 
13 Stallard .) 
12 In 1962 Harvey placed fine silver alloy in 
retracted gingival margins to determine if macroscopic 
sized particles lying in the crevice were eliminated. 
He found that most of the inflammation present was due to 
the retraction procedure and alloy insertion, but subsided 
after its elimination; indicating a type of self-cleansing 
mechanism relative to the sulcus, rather than a recognized 
pathological process. 
Stallard13 felt that "the initial inflammatory 
reaction with its characteristic vascular alteration is 
a physiologic defense mechanism." Stallard demonstrated 
a correlation between the integrity of the epithelium and 
sulcular fluid flow. After the first week of wound healing 
following periodontal surgery, there was a significant 
increase in the amount of fluid; but once re-epithelialization 
had occurred, the fluid flow decreased quite markedly. 
14 In an unpublished article, Anapolle studied the 
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ultrastructure of the gingiva in rabbits to observe the 
transport of radioactive tracers into the s · s us, sulcular 
fluid, and the cellular ultrastructure. He ~~ncluded that 
loose gingival connective tissue may aid fluid passage by 
diffusion from vessels into the sulcus. The plasmalemmal 
---vesicles in endothelial cells indicate possible active 
cellular transport of fluids. Inflammatory cells were 
prominent in the underlying connective tissue of the 
sulcular epithelium, indicating a subclinical inflammation. 
There was a widening of the interstices of the crevicular 
epithelial cells which may contribute to fluid passage into 
the area; and the endothelial cells were further apart 
than normal. These findings were noted in a sulcus judged 
to be clinically healthy. 
Revision of the dynamic gingival pocket ·was described 
by Waerhaug15 in 1952. He found that in healthy pockets 
with closely adapted gingival margins the secretion of fluid 
is rather minimal. The use of India ink inserted into 
healthy pockets demonstrated the outward flow of fluid, which 
eliminated the ink particles within forty-eight hours. 
16 Waerhaug put forward the suggestion that a transudate 
\ 
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of fluid removed the particles, but he also noted a 
localized ulceration of the crevicular epithelium. He 
assumed that this may have been due to the accumulation 
of India ink particles, resulting in blockage within the 
• crevice. 
12 3· 4 Harvey and Brill ' performed similar experiments 
.---
and concluded that foreign particles may stimulate fluid 
flow from the gingival crevice which washes out the 
particles, thus being beneficial to gingival health. 
Attstrom and Egelberg18 •19 • 20 observed the continuous 
migration of monocytes and neutrophils into the crevices 
of both healthy and chronically inflamed resting gingivae. 
This migration of monocytes and neutrophils is speeded up 
by the process of inflammation, and the monocytes seem to 
migrate at the lower level in the gingival crevice than 
the neutrophils. 
8 Loe suggested that the gingival fluid passage occurs 
from the gingival margin to the cementoenamel junction, based 
on the observations of the neutrophils along the crevicular 
epithelium. 
Recently Weiner et a1 22 performed a study to assay 
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the presence of enzyme activity in gingival tissues and 
crevicular fluid of human subjects, relative to differences 
in activity noted between healthy and diseased tissue. The 
gingival fluid was samples with millipore filter paper and 
qualitative enzyme measurements were obtained utilizing 
~-
cytochemical localization techniques. 
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MATERIALS AND METHODS 
Ten subjects were selected to participate in the 
clinical study. All patients had received definitive 
periodontal therapy and the periodontal tissues were 
ascertained to be in a clinical state of health. 
---The sulcular fluid was assayed by the use of 2~ cc, 
twenty gauge disposable plastic syringes graded in milli-
meters. Fine translucent semicircular Teflon tubing, gauge 
.076 mms. (I.D.) X 1.22 mms. (O.D.) was placed over a~ inch 
of bevelled twenty gauge metal needle. A tight mechanical fit 
was established; the tubing cut such that approximately 
~ inch extended beyond the end of the altered metal needle. 
The negative pressure needed for aspiration of fluid was 
supplied through the standard 2~cc. syringe. 
Advantages of the technique are: 
1. The tubing is small enough to be inserted into 
the crevice without creating trauma. 
2. The material is flexible such that it can enter 
sulci either at straight angles or in tortuous 
areas of the mouth. 
3. Fluid content can easily be visualized and measured 
in millimeters. 
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The conversion formula used was as follows: 
Volume ccs. = 1 X .076 X Height of Fluid Column 
3 
Teflon Tubing, measured in millimeters. 
• in 
Measurements were taken from the mesiobuccal aspect 
of multirooted and singe rooted teeth, moving the tubing 
---
slightly in a buc~olingual direction along the free gingival 
margin to enhance fluid collection. 
All temporary prostheses were constructed using self-
cure acrylic resin on full crown tooth preparations. The 
temporary prostheses were cemented with a zinc oxide-eugenol 
cem~nt (Kerr's Temp Bond.) 
The final prostheses ranged from acrylic gold veneer 
crowns to porcelain jacket crowns. All teeth studied were 
vital, and had no endodontic therapy. The final prostheses 
' were cemented using a temporary-permanent . cement (Interstate 
Dental Co. Temrex) and zinc oxyphosphate cement (S.S. White.) 
The teeth prepared for full coverage restorations had feather 
edged finish lines which extended to the marginal gingiva 
or just slightly subgingival, with an exception of one case 
in which chamfer margins were utilized. 
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RESULTS 
It was observed that there was great variation in the 
amount of sulcular fluid flow in the ten subjects studied. 
Results on the untemporized abutments ranged from 0.1 mm 
to 2.5 mm. On teeth prepared for full coverage temporization, 
the range varied from O~J mm to 5.5 mm. Readings taken 
approximately two weeks after cementation of the final full 
coverage restorations ranged from 0.2 mm to 3.5 nun. 
' 
METHOD OF TREATMENT OF PATIENTS: 
All subjects underwent definitive periodontal therapy 
consisting of: 
PHASE 1. 
PHASE 2. 
PHASE 3. 
Initial preparation constituting: 
a) scaling and root planing 
b) oral physiotherapy 
c) selective grinding 
Definitive surgical therapy encompassing mucogingival 
and/or flap therapy with osseous recontouring. 
Maintenance. 
No measurements were made until a minimum postoperative 
time of three months had elapsed. 
PROSTHETIC PHASE. The use of full coverage prostheses were 
employed, the margins extending to the marginal gingiva or 
just slightly subgingival. 
-19-
Cold-cure acrylic resin was used to fabricate the temporary 
splints. These splints were cemented to the abutment teeth 
with a zinc oxide-eugenol cement; and readings were taken 
two to four weeks after the temporary prostheses were 
cemented. 
---The final prostheses were fabricated and cemented 
either with a temporary-permanent or a permanent cement. 
The readings at this stage were taken two to four weeks 
after cementation of the prostheses. 
-20-
TABLE OF RESULTS 
Table 2 
SUBJECTS POST PERIODONTAL 2-4 WEEKS AFTER 2-4 WEEKS AFTER 
PRIOR TO TOOTH TEMPORIZATION FINAL CEMENTATION 
PREPARATION OF PROSTHESES 
1 0.9 mm --- 5.5 mm 3.5 nun 
2 0.7 mm 1.0 mm 0.6 mm 
3 2.5 mm 2.8 mm 2.5 mm 
4 0.6 nun 0.9 mm 0.5 mm 
5 1.2 mm 1.5 mm 1.3 mm 
6 0.2 nun 0.7 mm 0.6 mm 
7 0.1 mm 0.4 mm 0.4 mm 
8 o.o mm 0.3 mm 0.2 mm 
9 0.3 mm 0.8 mm 0.6 mm 
' 10 1.0 mm 2.7 mm 1.7 mm 
t 
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21 THE SIGN TEST 
The sign test is useful in testing the significance 
of a difference between two treatments or materials compared 
under a variety of conditions. It can be used wherever the 
test for paired experiments is applicable and in other 
~· 
situations as well, e.g., where pairs of observations are 
grouped and where non-normality of the data exists or is 
suspected. 
Procedure: Let X and Y represent measurements on 
materials or treatment A and Band let N = the number of 
such pairs of measurements. Obtain the sign (+or-) of 
each difference, X - Y, X - Y, ••• X - Y. Exclude all 
1 1 2 2 n n 
ties (X - Y = 0) and consider the sample size N reduced 
'accordingly. Determine the number of + and - ·signs 
obtained and let r = the number of times the less frequent 
sign occurs. Determine the significance of r from the 
accompanying table. A value of r less than or equal to 
that in ·the table is significant at the level indicated 
and this means that it is unlikely that such a small 
value of r would be obtained if the two treatments or 
materials actually were the same. To reiterate, the 
-22-
likelihood of getting this result under the assumption 
that there is no difference between the two groups is less 
than one in a hundred (P<.01). 
CRITICAL VALUES OF r 
N Significance level 
10% 5% 1% 
6 0 0 
-
7 0 0 
-
8 1 0 0 
9 1 1 0 
10 1 1 0 
' 
• • 
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DISCUSSION 
The purpose for this study was to ascertain by volu~· 
metric analysis the amount of sulcular fluid observed relative 
to the parameters previously stated. We do not attempt to 
draw definitive conclusions but feel we may speculate as to 
the benefit of the fluid demonstrated. Loe8 , in his 1965 
study on clinically healthy gingiva, found that the crevices 
of normal gingiva do not exhibit a flow of fluid. His findings 
suggested that gingival flow may begin before structural 
changes can be ascertained at the clinical level; and that 
it persists for some time after clinical inflammation has 
subsided. Whether or not the fluid observed in this study 
may be classified as an altered transudate or as a subclinical 
exudate; it is possible that sulcular lavage · surrounding a 
fixed periodontal prosthesis may provide an adjunctive 
defense mechanism relative to sulcular physiology. The 
final placement of the periodontal prosthesis may in fact 
propagate a subclinical inflammatory state and thus account 
for an overall increase in sulcular fluid volume as compared 
with the initial readings. 
In our opinion there were additional factors to be 
considered for the increase in fluid volume after the 
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insertion of the temporary prostheses. The fact that the 
margins of a temporary acrylic splint are subject to 
percolation of the resin would invite a resultant cement 
washout. This, of course, could enhance the possibility 
of plaque retention propagating a subclinical inflammatory 
response or inciting frank inflammation. In either case, 
the exudate formed would increase fluid volume. Monomer 
seepage from the acrylic into the sulcus and/or the 
astringent effect of eugenol from temporary cementation 
of the acrylic splints may produce detrimental results. 
It is well known that both types of dental materials, 
i~e. monomer from cold cure acrylic resin and eugenol 
from Temp-Bond cement may render a localized ischemic 
necrosis to the involved tissue. 
The decline in the volume of fluid flow (relative to 
the temporary prostheses) noted after cementation of the 
final acrylic gold veneer cases, may possibly occur for 
the following reasons: a) the fact that a finer margin is 
obtained with the gold, facilitates maximum toleration and 
minimum adverse reaction by the gingival tissues, b) there 
is a lessened chance of cement washout noted with the use of 
• 
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Temrex, a temporary-permanent cement, in placement of the 
finished cases. With a decrease in irritation accompanying 
both of these factors there is, of course, a corresponding · 
minimized inflammatory response. 
One aspect of the experimental method .used in the 
study for obtaining flufd should be expanded upon. Bri11 3 
found that larger amounts of Evans Blue stained fluid were 
recovered when gingival tissues were massaged. Brill and 
Br0nnestam
6
, using imrnuno-electrophoresis in a later 
investigation, also noted that mechanical stimulation 
increased gingival fluid flow. 8 Loe, to the contrary, 
feels that mechanical stimulation of the crevices of 
normal non-inflamed gingiva will not produce fluid flow 
from those crevices. Whichever the case may be, we feel 
~ 
it should be stated that the experimental method used in 
this study could have possibly stimulated an increased flow 
in some areas. However, we do not surmise that this in any 
manner compromised the correlative values reported. 
6.0 
s.o 
4.0 
3.0 
Millimeters 
of 
Sulcular Fluid 
2.0 
1.0 
<--
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Table I 
--C 
Scales 1.25 in.= 1.0 mm. 
6.0 
s.o_~ 
3.o.~ 
Millimeters 
of 
Sulcular Fluid 
2.0 ... 
1 
Table I 
--
~--A--:) (-- B --~ <=-- C --
Scalea 1.25 in.• 1.0 mm. 
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Area A: Subjects prior to temporization with clinically 
healthy periodontium. 
Area B: Two to four weeks after temporization with 
acrylic splints. 
Area C: Two weeks after final placement of 
periodontal prosthesis. 
Conversion formula: V = 1/3 X .076 X rnrns. 
Volume in cubic centimeters - 1/3 X .076 
(inside diameter of tubing) X height of 
column in millimeters. 
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FIGURE 1: Two and a half cc., twenty gauge .disposable 
plastic syringe graded in millimeters with 
bevelled metal· needle for aspiration of 
sulcular fluid. 
' 
FIGURE 2: Higher magnification of the bevelled edge of 
the twenty gauge metal needle and fine trans-
lucent semicircular Teflon tubing, gauge 
.076 mm (internal diameter) X 1.22 mm (external 
diameter.) 
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FIGURE 3: 
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Illustration of the· Teflon tubing in place for 
collection of the fluid from the gingival crevice. 
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Diagram of Tl~flon lubing in Place 
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Diagram of Teflon l~bing 1n Place 
• 
FIGURE 4: 
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Diagrammatic representation of an abutment 
tooth and gingival crevice. illustrating 
the placement of Teflon tubing for obtaining 
gingival sulcular fluid. 
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FIGURE 5: 
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Clinical illustration of mandibular right post-
erior quadrant to be restored with full coverage, 
acrylic gold veneer periodontal prosthesis. 
Note that the periodontal tissue appears to 'be 
in a clinical state of health. Full coverage 
restorations involving feather-edged margins 
on the second premolar, and chamfer margins on 
the second molar are to be utilized. Note the 
supra-eruption of' the upper second premolar and 
first molar. 
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FIGURE 6: 
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-
Clinical appearance of the -feather-edged 
margins on the second premolar and chamfer 
margins on the second molar. Note the state 
of the marginal gingivae immediately after 
abutment preparation. Evidence of slight 
gingival irritation due to instrumentation 
of the area may be observed. Readings for 
volumetric analysis were taken two to four 
weeks following tooth preparation and 
temporary splint cem~ntation. 
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FIGURE 7: 
-39-
Clinical appearance of acrylic temporary 
prosthesis and marginal gingivae immediately 
after tooth preparation and cementation. 
The increased irritation was primarily due 
to the removal of excess temporary cement 
from the crevicular sulcus following 
cementation. 
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FIGURE 8: 
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--
Clinical appearance of final acrylic gold 
veneer periodontal prosthesis immediately 
after cementation. Note the gold margins 
are slightly subgingival and there is 
minimal crevicular irritation observed at 
this stage. 
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FIGURE 9: 
-43-
Clinical appearance of final prosthesis two 
weeks after cementation. Note the gingival 
margin adaptation with no inflammation clini-
cally apparent. Note the adjustment of the 
upper occlusal plane in the region of the 
first molar and second bicuspid; the buccal 
cusps were reshaped. 
1. 
2. 
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